Recently, propyl lactate has been firstly detected in Chinese Baijiu (Chinese liquor) as one of the odor-active components. In this study, the contents of propyl lactate in other different brewed alcoholic beverages were investigated, including wine, soju, sake, vodka, rum, tequila, whisky and beer, and analyzed by solid-phase microextraction and liquid-liquid extraction coupled with gas chromatography-mass spectrometry, determined by internal standard method followed by GC-MS with selective ion monitoring. The analyses indicated that propyl lactate was present in beer and tequila samples, while not detected in other brewed alcoholic beverages. The results showed that among the 40 beer samples from 11 different countries, 36 of them contained propyl lactate at concentrations in the range of 0.23-51.71 µg L −1
Introduction
Brewed alcoholic beverages are highly appreciated by the combination of their desirable flavor and taste. The combined effects of hundreds of chemically diverse volatile compounds determine the aroma profile of wine as same as other brewed alcoholic beverages, [1] such as Chinese Baijiu (or called Chinese liquor). According to the previous reports, [2] 1737 volatile compounds in Chines Baijiu have been identified, including 431 esters, which are the largest families among the identified volatile compounds and are mainly produced through esterification of acid and alcohol compounds in fermentation and aging process. [3, 4] Recently, study has showed that volatile esters have a huge impact on the sensory properties of Chinese Baijiu. [5] Some of them produce desired and pleasant aromas, such as fruity, sweet or cognac aromas, and have been commonly detected in other brewed alcoholic beverages.
A recent study introduced 57 esters found in sake, [6] which is a Japanese traditional alcoholic beverage. [7] And it was also suggested that esters had effect on the flavor characteristics of sake. [8] Furthermore, ethyl butanoate, ethyl hexanoate, ethyl 2-methylpropanoate, ethyl 2-methylbutanoate, 3-methylbutyl acetate, ethyl octanoate, ethyl decanoate, 2-phenylethyl acetate are considered as the most odor-active compounds in rum. [9] Ethyl acetate is the major volatile composition in tequila.- [10, 11] Meanwhile, esters also have been found in vodka, [12] whisky [13] and beer. [14] [15] [16] As odor-active compounds, esters usually constitute the most important contributors to the sweet-fruity notes of wine. Also, the relationship between esters and sensory perception of wine has been sufficiently studied. [17] [18] [19] [20] [21] [22] [23] [24] Ethyl octanoate was found to increase red cherry aroma, the combination of ethyl octanoate and ethyl decanoate enhanced black cherry aroma of New Zealand Pinot Noir wines. [18] Moreover, other esters, such as ethyl hexanoate, ethyl acetate, ethyl 3-methylbutanoate, were also commonly detected in wine as previous studies reported. [19] [20] [21] In general, volatile esters are widely recognized as a kind of odor-active compounds of brewed alcoholic beverages, thus it is valuable to study volatile ester in order to evaluate its contribution to the aroma profile of brewed alcoholic beverages.
Propyl lactate (grape-like fruity, milk aromas), a newly discovered volatile ester from Chinese Baijiu, only had been reported twice before in distilled calvados [25] and Chinese rice wine [26] , has been quantified by internal standard (IS) method combined with gas chromatography-mass spectrometry (GC-MS) in our lab. [27] The contents of propyl lactate ranged from 0.05 to 1.900 mg L −1 in 72 different Chinese Baijiu samples. Further research indicated the detection threshold of propyl lactate in 38% ethanol solution was 0.740 mg L −1 , the odor activity values (OAVs) of propyl lactate were found to exceed 1 in 13 samples, which presented that propyl lactate was one of odor-active components in these Chinese Baijiu samples.
Similar to other esters, propyl lactate is possibly formed through the esterification of lactic acid with propanol, both of which have been reported during the fermentation of Chinese Baijiu. Additionally, the raw materials of Chinese Baijiu are mainly sorghum, combined with wheat, wheat bran, millet, rice and corn, which are more abundant than that of other brewed alcoholic beverages. Also, the fermentation process of Chinese Baijiu is different from other brewed alcoholic beverages. Thus, in terms of different raw materials and fermentation processes, whether propyl lactate exists in other brewed alcoholic beverages is still confused. Since there have been no studies conducted to investigate the presence and contribution of propyl lactate in other brewed alcoholic beverages, we stretched our work into other different representative brewed alcoholic beverages.
Recently, several pretreatment methods have been applied to identify and quantify the volatiles in brewed alcoholic beverages. Among them, liquid-liquid extraction (LLE) is an effective method for the gentle extraction of volatile components of liquid products such as fruit juices, wines and beer; solid-phase microextraction (SPME) can be considered as a fast, simple, affordable, sensitive, solvent-free and easy-to-automate technique to extract volatiles of liquor (14) . So, in this study, LLE and SPME coupled with GC-MS were chosen to investigate propyl lactate of various brewed alcoholic beverages.
In this study, in order to find out whether propyl lactate only exist in Chinese Baijiu and evaluate its contribution to the aroma of other brewed alcoholic beverages based on OAVs, the contents of propyl lactate in 80 different brewed alcoholic beverage samples were quantified by IS method combined with GC-MS, including wine, soju, sake, vodka, rum, tequila, whisky and beer.
Materials and methods

Chemicals and reagents
Standards of methyl lactate (agentsC-MS, including wine, soju, sake, vodka, rum, tequila, whisky and beer., Shanghai, China. Methylene dichloride, ethanol, sodium chloride and sodium sulfate were supplied by Sinopharm Chemical Reagent Beijing Co., Ltd., Beijing, China.
Samples
All brewed alcoholic beverages were purchased from the local market or airport shop and within expiration dates. ) was also prepared as described above. The above-mentioned solutions were all kept at −18°C in order to reduce the loss of sample.
Preparation of samples
Solid-phase microextraction
Propyl lactate from samples was extracted by a SPME fiber (50/30 μm DVB/CAR/PDMS) attached to a manual SPME holder (Supelco, Bellefonte, PA). Samples (10 mL) were introduced into a 40 mL vial sealed with a screw cap provided with a predrilled Teflonfaced septum. Except beer, the alcoholicity of samples was adjusted to 10°. The NaCl concentration of samples was adjusted to saturation. After thermal equilibration of the sample at 40°C for 30 min, the SPME fiber was exposed to the vial headspace for 30 min under agitation (600 rpm) and then introduced into the injector inlet for 5 min. All fibers were conditioned before use until no interfering peaks were obtained in blank runs.
Liquid-liquid extraction
Samples (15 mL) were spiked with 30 µL of the IS working solution. Except beer, the alcoholicity of samples was adjusted to 10°. The NaCl concentration of samples was adjusted to saturation and extracted three times with 5 mL methylene dichloride. Extract was dried with 2.5 g of anhydrous Na 2 SO 4 overnight, concentrated to a final volume of 1 mL, and then stored at −18°C until analysis in order to prevent from the loss of sample.
GC-MS analysis
Samples and working standard solutions were analyzed by an Agilent 7890B gas chromatograph equipped with an Agilent 5977A mass selective detector (GC-MS) (Agilent Technologies, USA) and a capillary split/splitless injector system (Agilent Technologies, USA).
For GC, the analytical GC column was a DB-FFAP column (60 m × 0.25 mm internal diameter, 0.25 µm film thickness, Agilent Technologies, USA). The column carrier gas was helium at a constant flow rate of 1.0 mL/min. The injector temperature was set at 250°C; 1 µL of sample was injected in splitless mode. The temperature program of the oven was as follows: column temperature was ramped from 50°C (2 min) to 100°C at a rate of 6°C/min, then raised at 3°C/min up to 170°C (2 min) and raised at 10°C/min up to 200°C (2 min), finally raised at 15°C/min up to 230°C (15 min).
The MS was operated in electron impact mode at 70 eV. The temperature of the interface and the ion source were both set at 250°C. The identification of propyl lactate was conducted in Full Scan mode. The mass range was 45-350 amu with 0.2 s of scan time. The quantification of propyl lactate was conducted in selective ion monitoring (SIM) mode. Three ions for every analyte were selected in SIM mode. The dwell time of each ion was 0.05 s. The selected ions of propyl lactate and IS methyl lactate were as follows: propyl lactate (m/z 45, 75 and 117), methyl lactate (m/z 45, 61 and 89). All analyses were repeated in triplicate. Data processing was performed with the Agilent MassHunter Workstation software.
Propyl lactate identification
Identification of propyl lactate was achieved by comparing mass spectra, linear retention time (RT) of pure standard and NIST 11 library.
Method validation
The performance parameters assessed were: recovery, linearity, limit of detection (LOD), limit of quantitation (LOQ), and precision. Fifteen milliliter sample with 30 µL of the IS working solution and 30 µL stock solution of propyl lactate was done as the method mentioned in the section of LLE to determine recovery. The linearity was determined by evaluation of the regression curve. Calibration curve was created by five concentration levels of the working standard solutions. The LOD and LOQ were obtained from the lowest concentrations of the working standard solutions based on a signal-to-noise ratio of 3 and 10, respectively. The precision was assessed in sixfold at two different levels of the working standard solutions.
Propyl lactate quantification
The quantitative analysis of propyl lactate was performed in SIM mode to maximize sensitivity. Calibration curves were drawn by plotting the ratio between the analyte peak area and the IS peak area versus the ratio between their concentrations. The concentration of the IS methyl lactate was maintained constant at 3.0 mg L −1 in samples and working standard solutions, which were ready to be analyzed by GC-MS. Each point of the calibration curve was the mean of three replicates. The concentration of propyl lactate was calculated by the linear regression equation.
Statistical analysis
Two independent experiments were performed at least in triplicate. The concentrations of aroma compounds were expressed as mean ± standard deviation (SD). Statistical differences between different kinds of samples were obtained using the one-way ANOVA test with a post hoc Tukey test. p < 0.05 was accepted as statistically significant (SPSS Inc., Chicago, IL).
Results and discussion
Identification of propyl lactate
Working standard solutions and samples were analyzed by GC-MS with Full Scan mode. The total ion chromatogram (TIC) and mass spectrum of propyl lactate standard were shown in Figure 1 . TIC of sample (tequila 1) was drawn in Figure 2 . As shown in Figures 1 and 2 , the RT (19.3 min) of unknown compound in sample (tequila 1) corresponded with propyl lactate standard. The partial TIC of propyl lactate standard and six tequila samples shown in Figure 3 were well overlapped, they all had nearly the same RTs. In addition, the mass spectrum of propyl lactate standard and unknown compound shown in Figure 4 matched with each other, which indicated the unknown compound in sample (tequila 1) was propyl lactate.
Validation of the method
According to the mass spectrum of propyl lactate standard, the selected ions of propyl lactate were m/z 45, 75 and 117. Working standard solutions and samples were analyzed by GC-MS with SIM mode. The LOD and the LOQ of the method were 0.05 and 0.10 µg L −1 , respectively. The IS curve equations in different concentration ranges were as follows: y = 13.21600x − 0.00409 (0.10 µg. L −1 < concentration of propyl lactate <500.00 µg L −1 ) and y = 10.19200x + 0.15368 (500.00 µg L −1 < concentration of propyl lactate < 50.00 mg.L
−1
). Specifically, y represented the concentration ratio between analyte (propyl lactate) and the IS (methyl lactate), and x represented the corresponding peak area ratio. The corresponding correlation coefficients (R 2 ) were all up to 0.9998. The recovery was between 89.7% and 98.3% under the level of 1.00 µg L −1 and 10.00 mg L −1 , the precision was all less than 5%.
Quantification of propyl lactate
The quantitative results of propyl lactate were listed in Table 1 . As shown in Table 1 , propyl lactate was not detected in all red wine samples as well as soju, sake, vodka, whisky and rum samples. However, all tequila samples contained propyl lactate, the contents of which ranged from 0.77 to 12.14 mg.L . With regard to beer samples, propyl lactate was detected in most beer samples except four samples, but the contents were far less than tequila samples, only from 0.23 to 51.71 µg L −1 (p < 0.05).
Calculation of the OAVS for propyl lactate
According to previous research, the detection threshold of propyl lactate in 38% ethanol solution was 0.740 mg L −1
. However, the odor threshold can be affected by matrix, therefore, the influence of ethanol concentration on the volatility of an odorant should not be ignored. The ethanol concentration of tequila samples in this study was close to 38% and the ethanol concentration of beer samples was much less than 38%. So, the OAVs of propyl lactate in beer samples were merely a guideline and all far less than 1. In comparison, the OAVs of propyl lactate in tequila samples were all above 1. The OAV equaled to the ratio of the concentration of propyl lactate and its detection threshold value. If a compound has an OAV > 1.0, it could contribute to the flavor of a product. Therefore, the result indicated that propyl lactate made contribution to the aroma profile of tequila, because its concentrations clearly exceeded its odor thresholds in all tequila samples. In addition, propyl lactate was also detected in Chinese Baijiu and had much contribution to the aroma profile of Chinese Baijiu according to previous study. [27] Propyl lactate showed grape-like fruity and milk aromas, which influenced on the fruity note of brewed alcoholic beverages.
Discussion
Combined with previous study, [27] the contents of propyl lactate were generally highest in tequila samples (0.77-12.14 mg L −1 ), moderate in Chinese Baijiu samples (0.05-1.900 mg L −1 ), and lowest in ) (p < 0.05). Different raw materials and fermentation processes may cause a big difference to the content of propyl lactate.
The raw materials of Chinese Baijiu are mainly sorghum, combined with wheat, wheat bran, millet, rice and corn, which are more abundant than that of other brewed alcoholic beverages, such as beer. Furthermore, Daqu is used as a kind of saccharifying agent and fermenting agent, which contains yeasts, molds, lactobacilli, bacteria and complex enzymes spontaneously proliferated on cooked wheat during the fermentation process of Chinese Baijiu. Hence, more abundant material base (raw materials and microorganism) is possible in the fermentation process of Chinese Baijiu. While plentiful material base and microorganism contribute to producing various kinds of volatiles, including organic acids and alcohols, [28] [29] [30] [31] [32] [33] which are the substrate of esterification and produce esters during the fermentation and aging process of Chinese Baijiu. [34] [35] [36] Therefore, higher content of propyl lactate is likely to be detected in Chinese Baijiu. Indeed, the concentration of propyl lactate in Chinese Baijiu was higher than that in beer samples in this study. The main material of beer is malt, and single material with pure breed fermentation might cause lower concentration of propyl lactate.
As for tequila, a kind of Mexican liquor makes from fermented juices of an agave plant, which has higher content of sugars. In this study, the highest concentration of propyl lactate was observed for tequila samples. While the changes in the concentration of propyl lactate between tequila samples and beer samples might be due to the different contents and kinds of components between agave and malt or different microorganism. It was worthwhile to note that although the raw material of tequila was single, the propyl lactate concentration of tequila was higher than that of Chinese Baijiu. The reason may be that microbial competitive metabolism of esters and its intermediate products are becoming fiercer in terms of the plentiful material base and microorganism applied during the fermentation of Chinese Baijiu, which may have effect on the content of propyl lactate. As for wine, soju, sake, vodka, rum and whisky, the main materials are grape, rice and sweet potato, rice, potato and corn, sugar cane, and wheat, respectively, which may too simple to provide propyl lactate. Furthermore, lack of the essential microorganism and enzyme for the metabolism of propyl lactate may lead to the result that propyl lactate was not detected in wine, soju, sake, vodka, rum and whisky.
Conclusion
In the present study, the propyl lactate was identified and quantified in various brewed alcoholic beverages. This was the first report to confirm the existence of proyl lactate in tequila and beer. SPME coupled with LLE method was applied to analyze propyl lactate in 80 samples from 8 types of brewed alcoholic beverages. Propyl lactate was quantified by IS method followed by gas chromatography-mass spectrometry with selected ion monitor. The results showed propyl lactate was only found in tequila and beer samples, the contents of which were from 0.77 to 12.14 mg.L −1 and 0.49 to 3.99 µg.L −1 , respectively. OAV analysis indicated that propyl lactate made contribution to the formation of tequila's aroma. These results could provide an experimental basis for further studies on the contribution of propyl lactate to the characteristic aroma profile of tequila and other brewed alcoholic beverages. 
